Antibiotic resistance of Staphylococcus-like organisms (STLO) isolated from a recreational sea beach located on the southern coast of the Baltic Sea was studied. The results of the present study showed that STLO inhabiting sand and seawater of the beach strongly differed in the resistance level to tested antibiotics. These microorganisms were most resistant to ampicillin, penicillin, oxytetracycline and susceptible to gentamicin, neomycin and streptomycin. Moreover, the level of antibiotic resistance among bacteria isolated from different parts of the beach also differed. Bacteria inhabiting the seawater, shoreline and the middle part of the beach were more antibioticresistant than bacteria isolated from the dune. The majority of bacteria inhabiting the seawater and sand were resistant to 3-8 antibiotics out of 12 tested in this study. Generally, there was no difference in antibiotic resistance between Staphylococcus-like
INTRODUCTION
The genus Staphylococcus as opportunistic pathogens passively colonize the skin, hair follicles, nasal cavities and mucous membrane in nearly one third of the human population (Stotts et al. 2005 , Workman et al. 2006 , Efuntoye 2010 . Mobile Staphylococcus species (S. aureus, S. epidermis, S. haemolyticus, S. pasteuri, S. hominis, S. pettenkoferi) as human pathogens are associated with several categories of infections spread from person to person (Soge et al. 2009 ). Manifestations of infection may include a scalded skin syndrome, septicemia, pneumonia, wound sepsis, septic arthritis, osteomyelitis, gastro-enteritis, blood infection and a potentially lethal shock syndrome that can be fatal if not treated effectively (Stotts et al. 2005 , Workman et al. 2006 . Pathogenicity of the genus Staphylococcus is associated with the release of virulence factors (Song et al. 2009 ). Different species of the genus Staphylococcus, mainly S. aureus, are able to produce various extracellular toxins and virulence factors such as enterotoxins A,E,G,K, α-toxins, exfoliative toxin A (ETA), exfoliative toxin B (ETB), staphylokinase, β-lysin, Panton-Valentine leukocidin and toxic shock syndrome toxin-1, which have the ability to bind to and invade epithelial cells (Workman et al. 2006) .
The marine environment represents the habitat of diverse bacteria; some of them are pathogenic. These bacteria are considered as etiological agents of infectious diseases in human and marine organisms, mainly mammals (Abou-Elela et al. 2009 ). Studies of Elmir et al. (2007) showed that the potentially pathogenic genus Staphylococcus, mainly S. aureus, S. epidermis and S. hominis, was widely distributed in both polluted and unpolluted seawater and sand of sea beaches. Apart from the genus Staphylococcus aureus, Soge et al. (2009) isolated also a virulent, methicillinresistant S. aureus (MRSA) from seawater and sand of intertidal beaches of the USA. These were major hospital pathogens according to Okuma et al. (2002) . The count of the genus Staphylococcus recorded in the coastal zone is significantly correlated with the number of bathers who readily shed the bacterium from their nasal membranes, skin and the respiratory track (Abou-Elela et al. 2009 , Efuntoye 2010 . These results indicate that seawater and public sea beaches may act as a vehicle of infection transmission and humans can be exposed to many new strains of Staphylococcus with varying capacity for colonization or disease induction in beach visitors (Workman et al. 2006) .
Accumulation of the genus Staphylococcus in recreational seawater and sand of sea beaches poses a risk of many infections. Swimming, windsurfing, sailing, boating and other recreational activities in seawater and recreation on sand of beaches contaminated with Staphylococcus species may cause skin, eye, ear, or nose infections and respiratory diseases during the aquatic activity (Wang et al. 2005) . Especially beachgoers with skin lesions and open wounds are at the greatest risk of infection (Soge et al. 2009 ). However, the health risk from the genus Staphylococcus in recreational waters is usually ignored because their presence in water is not correlated with the concentration of coliforms, fecal coliforms and enterococci, i.e. classical markers of fecal pollution (Abou-Elela et al. 2009 ).
The main problems for clinical therapy involving the use of antibiotics against Staphylococcus, especially in S. aureus infections, consist in the development of resistance by these bacteria and rapid adaptation to new generations of antibiotics used in medicine, therefore becoming a potential threat to public health and hygiene problems (Stotts et al. 2005 , Workman et al. 2006 . The antibiotic resistance patterns of Staphylococcus from clinical samples have been extensively studied (Torimiro et al. 2005 , Stotts et al. 2005 ; the study by Diep et al. (2004) showed that an antibiotic-resistant strain of these pathogens, mainly MRSA, has significantly increased in recent years. According to Werckenthin et al. (2001) antibiotic resistance is carried on plasmids and transposons, which can pass from one staphylococcal species to another.
Nevertheless, the information on the antibiotic resistance profiles of the genus Staphylococcus inhabiting public sea beach areas is limited (Soge et al. 2009 ). Due to its public health importance, it is necessary to learn about the distribution of antibiotic-resistant Staphylococcus-like organisms in this environment. Therefore, the objective of the present study was to determine the level of antibiotic resistance of Staphylococcus-like organisms inhabiting the seawater and sand of the sea beach located on the southern coast of the Baltic Sea where human activity was intensive.
MATERIALS AND METHODS

Study area and sampling
The study was carried out on an exposed sandy beach of the Ustka town (54°35'N, 16°51'E, the southern Baltic Sea; Fig. 1 ). It represents a dissipative beach type with longshore bars and troughs; its width is ca. 75 m. In general, the size of sand grains is between 0.125-0.250 mm (Kramarska et al. 2003) . Ustka Beach with its surf zone is one of the most picturesque and very popular bathing beaches in Poland. Polish and foreign tourists and local inhabitants intensively visit this beach and it is usually very crowded during the summer months. In the eastern part of the beach, a mouth of the polluted Słupia River is located. This river carries 15.5 m 3 s -1 of water into the sea, as well as 200 000 − 300 000 m 3 year -1 of natural and anthropogenic sediments (Zawadzka 1996) . Data of selected chemical parameters in the sandy beach of Ustka are given in Table 1 .
During summer 2009, sand and seawater samples were collected from a transect perpendicular to the shoreline at Ustka Beach. Four sampling sites were located along this transect (Fig. 1) . Site 1 was located approximately 1-1.5 m from the waterline and in the water at a depth of about 1 m; site 2 was situated at the waterline; site 3 halfway to the beach − at a 30 m distance from the shore, and site 4 was a sheltered place among the dunes, about 60 m away from the shore.
Sand core samples were collected with a handoperated sampler (length − 30 cm, inner diameter -15 cm). The sampled cores were divided in the field into two sections: the surface sand layer (0-5 cm) and the subsurface sand layer (10-15 cm) and placed in sterile plastic jars.
Seawater samples were collected in sterile bottles within 1.5 m from the waterline at a depth of about 15 cm. Both sand and seawater samples were collected at the same time. Jars and bottles were put into containers with ice and transported to the laboratory. The time between sampling and bacteriological analyzes did not usually exceed 2-3 h.
Isolation of Staphylococcus-like organisms (STLO)
In order to isolate STLO, 5.0 g sand samples were weighed aseptically and transferred to 45 cm 3 of sterile phosphate-buffered saline (pH 7.2), then shaken vigorously by hand for 2 min to suspend bacteria. Following 30 min sedimentation, the supernatant was serially diluted with sterile phosphate-buffered saline to reach the final concentration ranging from 10 -1 to 10 -4 . The collected water samples were also diluted with sterile phosphate -buffered saline to reach the final concentration ranging from 10 -1 to 10 -2 . The authors of this study are fully aware that the most efficient method to detach bacteria cells from sand grains is sonification (Epstein & Rossel 1995) . According to Ellery and Schleyer (1984) , however, ultrasound can also cause disintegration of bacteria cells. Consequently, as the study of Staphylococcus-like populations was not quantitative, we preferred to use the shaking method. Dilutions of sand and water samples were filtered through a filter having 0.45 μm pores and a 47 mm diameter membrane (Whatman ME 25/31 ST). According to Klapes (1983) , filters were then aseptically transferred to a dish containing 10 cm 3 of Vogel-Johnson agar (Fluka medium). The filters were incubated for 48 h at 37°C in a portable incubator. After incubation, the plates presenting black colonies according to Clark et al. (2003) were determined as Staphylococcus-like organisms (STLO). A total of 200 STLO strains were isolated from sand (25 from each site and each layer) and 25 from seawater samples.
Antibiotic resistance determination
Antibiotic resistance of Staphylococcus-like strains was determined by the single disc diffusion method according to Bauer-Kriby (Arvanitidou et al. 1997) . In order to determine the antibiotic resistance, bacteria were multiplied on Mueller-Hinton (M-H) (Oxoid) agar slants at 20°C. After 24 h, they were washed off the slants with 6 cm 3 of sterile phosphate -buffered saline and the optical density of the culture was adjusted to 3.0 MacFarland standard units. Subsequently, 200 µl of the thus prepared bacterial suspension was introduced into dissolved M-H agar cooled to 40-45°C. After mixing, the sample was poured onto Petri dishes and dried in a drier at 37°C for 1 h. Paper discs (Oxoid) impregnated with an antibiotic were then applied to the surface of the seeded medium with an automatic disk dispenser at a distance no less than 2 cm. The dishes were kept at 4°C for 1 h in order to allow antibiotic diffusion from the discs into the agar medium and then incubated at 20°C for 24 h. The degree of resistance or sensitivity of the strains was determined on the basis of measurements of lightened zones (in mm) around the discs, followed by comparison with data given by the manufacturer instructions. Webster at al. (2004) .
All tested antibiotics were classified into seven different classes according to their chemical structure: aminoglycosides (AM) (gentamicin, neomycin, streptomycin), β-lactams (LA) (amoxicillin, ampicillin, penicillin), quinolones (QU) (ciprofloxacin), lincosamides (LI) (clindamycin), macrolides (MA) (erythromycin) rifampicins (RIF) (rifampicin), tetracyclines (TET) (oxytetracycline, tetracycline) (Reinthaler et al. 2003) .
RESULTS
The analysis of antibiograms showed that
Staphylococcus-like strains isolated from seawater and sand of Ustka Beach largely differed in the level of resistance to the twelve studied antibiotics commonly used in human medicine (Fig. 2) . Most of the tested strains (64-97%) were resistant to ampicillin, oxytetracycline and penicillin. On the other hand, less than 30% of STLO strains were resistant to gentamicin, neomycin and streptomycin. Staphylococcus-like strains isolated from sand were more resistant (ARI 0.50) to nearly all tested antibiotics (with the exception of erythromycin, rifampicin and streptomycin) compared to bacteria isolated from seawater (ARI 0.40) (Fig. 2) .
Data on antibiotic resistance of STLO strains isolated from the transect perpendicular to the shoreline are given in Table 2 . These results showed differences in the level of antibiotic resistance among bacteria isolated from different parts of the beach. Bacteria inhabiting the seawater, the shoreline zone and the middle part of the beach were more antibiotic-resistant (ARI 0.50-0.56) than bacteria isolated from the dune (ARI 0.43). Whereas at all analyzed sites, the studied bacteria showed the highest resistance to penicillin (94-100%), oxytetracycline (90-100%) and ampicillin (86-100%).
Data on antibiotic resistance of Staphylococcus-like strains inhabiting the surface (0-5 cm) and subsurface (10-15 cm) sand layers are given in Figure 3 . Generally, the proportion of antibiotic-resistant bacteria was similar in both analyzed sand layers.
The collection of Staphylococcus-like strains isolated from seawater and sand was also analyzed for multiple antibiotic resistance (MAR) (Fig. 4) . About 15-30% of planktonic STLO strains showed a 3-5 MAR pattern (i.e. resistance to 3 and 5 out of 12 antibiotics tested) and about 15% of benthic strains were resistant to 4-8 antibiotics. No Staphylococcus-like strains inhabiting the seawater were resistant to 11-12 antibiotics.
The resistance level of STLO strains to different classes of antibiotics is shown in Figure 5 . The results of the present study showed that bacterial resistance depended on antibiotics' chemical structure. Staphylococcus-like organisms s strains isolated from the seawater and sand of Ustka Beach were most resistant to β-lactam and tetracycline antibiotics, while the most susceptible to aminoglycosides. The studied strains isolated from sand were more resistant to β-lactams, lincosamides, quinolones and tetracyclines compared to bacteria occurring in the seawater.
DISCUSSION
In recent years, the number of antibiotic-resistant bacteria in marine environments has increased dramatically as a consequence of the widespread use of antibiotics in human and veterinary medicine, agriculture and aquaculture in different parts of the world (Ramesh et al. 2010) . Resistance of bacteria occurring in marine ecosystems to different antibiotics was recorded in seawater, sediments and beach sand (Schwartz et al. 2003 , Mudryk 2005 , Mudryk et al. 2010 , Oliveira et al. 2010 , Manivasagan et al. 2011 . The rapid increase in the number of resistant and multiresistant aquatic bacteria is partly due to their ability to transfer antibiotic resistance agents (plasmids, transposons and integrons) among bacterial populations by cell to cell contact (Oliveira et al. 2010) .
The results of the present study showed that the Staphylococcus-like organisms isolated from sand and seawater of Ustka Beach strongly differed in the resistance level to tested antibiotics. Among all the isolated STLO, the highest percentage of strains (64-97%) was resistant to ampicillin, penicillin and oxytetracycline. The resistance of Staphylococcus-like organisms to ampicillin, penicillin and tetracycline 
Table 2
Resistance to the antibiotics of Staphylococcus-like organisms isolated from different sites of the Ustka Beach has been previously demonstrated in different aquatic environments such as sea, marine bays and beaches, as well as a swimming pool and its range varied from 44 to 98% (Soge at al. 2009 , Efuntoye 2010 ). The relatively low percentage (<30%) of STLO isolates showing the resistance to gentamicin, neomycin and streptomycin supported the data reported previously by Efuntoye (2010) .
According to the results of the present study Staphylococcus-like strains isolated from different parts of the beach differed in the level of antibiotic resistance. Bacteria occurring in wet sand (seawater, the shoreline zone and the middle part of the beach) were more antibiotic-resistant than bacteria isolated from dry sand (dune). Also Mudryk (2005) , Mudryk et al. (2010) and Oliveira et al. (2010) in their research documented a difference in the distribution of bacteria with varied antibiotic resistance, which occurred in wet and dry sand of coastal beaches.
The study carried out by Mudryk (2005) at the coastal sandy beach in Sopot (the southern Baltic Sea) showed that bacteria isolated from the surface sand layers were more resistant to nearly all tested antibiotics compared to bacteria from the subsurface layers. In the present study, no difference was found in antibiotic resistance of Staphylococcus-like organisms inhabiting the surface and subsurface sand layers, which corresponds to the results presented by Mudryk et al. (2010) from a non-recreational beach in Czołpino (southern Baltic Sea).
Bacteria occurring in aquatic ecosystems show multiple antibiotic resistance (MAR) (Soge et al. 2009 , Mudryk et al. 2010 , Manivasagan et al. 2011 ). According to Herwig et al. (1997) and MeirellesPereira et al. (2002) multiple resistance may be coded on plasmids and mobile genetic elements called transposons. The present study also showed multiple antibiotic resistance of planktonic and benthic Staphylococcus-like strains. The majority of bacteria inhabiting the seawater and sand of the studied beach were resistant to 3-8 antibiotics out of 12 used in this study. This means that they are capable of detoxication of those antibacterial organic compounds and indicates that most Staphylococcus-like strains inhabiting the studied beach originate from the high-risk sources of contamination where antibiotics are often used (Orozova et al. 2008) . Adaptive responses of bacterial communities to several antibiotics documented in the present study may have some potential implications for the public health (Ramesh et al. 2010 ). According to Manivasagan et al. (2011) , the difference in the percentage of bacteria resistant to various antibiotics may reflect the history of antibiotics' application and hence may serve as an indicator. Reinthaler et al. (2003) and Mudryk (2005) showed that bacterial resistance to antibiotics depended on their chemical structure; the results of the present study also support this finding. Staphylococcus-like strains isolated from water and sand of Ustka Beach were most resistant to β-lactam antibiotics, which inhibit the activity of enzymes participating in the biosynthesis of the cell wall. β-lactams are the most widely used antibiotics in clinical medicine as they have low toxicity and are used to treat a broad range of infections, therefore resistance to β-lactams may become a serious problem (Aminov 2009 ). The number of bacterial strains producing an extended spectrum of β-lactamases and other enzymes capable of hydrolysing β-lactam antibiotics is increasing both in the United States and in Europe (Schwartz et al. 2003) . The resistance of bacteria to β-lactam antibiotics is due to their ability to synthesize three extracellular enzymes: β-lactamase, acylase and penicillinase, which hydrolyze the amide bond of the β-lactam ring in β-lactam antibiotics (Saavedra et al. 2004) . These biocatalysts reduce the permeability of the cytoplasmic membrane to those antibiotics or transform these compounds by hydrolysis of the β-lactam bond into antibiotically inactive penicilloic acid (Herwig et al. 1997) .
Apart from β-lactam antibiotics, many Staphylococcus-like strains isolated from water and sand of Ustka Beach were resistant to tetracycline antibiotics. Tetracycline resistance determinants of different bacterial species isolated from aquatic environments have already been described in several other water basins (Mudryk 2005 , Akinbowale et al. 2007 ). Tetracyclines are a family of antibiotics that inhibit the protein synthesis by preventing the attachment of aminoacyl tRNA to the ribosomal acceptor (A) site (Chopra & Roberts 2001) . Tetracycline antibiotics act strongly on a wide range of gram-negative bacteria, rickettsiae, anaerobic bacteria, mycoplasmas and actinomycetes (Walczak & Donderski 2004) .
Staphylococcus-like strains isolated from sand and water of the studied beach were most susceptible to aminoglycoside antibiotics. This means that the tested genus of bacteria is not capable of active detoxification of those antimicrobial agents. Moreover, this supports the previous finding of Mudryk and Skórczewski (1998), and Mudryk (2005) who studied the bacterial resistance to antibiotics: in the bays and beaches located along the southern coast of the Baltic Sea. Aminoglycosides are a large and diverse class of antibiotics, which have bactericidal activity against some gram-positive and many gram-negative bacteria (Ryu & Rando 2001) . Aminoglycoside inhibition of bacterial cell growth occurs by inhibition of one or more of the biochemical steps involved in the translation on the ribosome and disrupts the integrity of the bacterial cell membrane (Zembower et al. 1998) . These antibiotics interfere with the bacterial ribosomal translation, i.e. with a protein synthesizing three enzymes: phosphotransferase, acetyltransferase and adenyltransferase, which inactivate this group of antibiotics (Wright 2003) .
In conclusion, we showed that many Staphylococcus-like isolates inhabiting the coastal beach might play an important role as reservoirs of antibiotic resistance, thereby posing a potential threat to public health. Therefore, antibiotic resistance and multiple resistance to antibiotics of the genus Staphylococcus occurring in this habitat require further studies and prompt the need to evaluate their potential role in human infections, in which antibiotic therapy would be required.
